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ABSTRACT 


The  objective  of  this  project  was  to  develop  a  multi-purpose 
pack  to  provide  a  protection  level  of  at  least  15Gs  for  small, 
shock  sensitive,  lightweight  items  (such  as  gyros  and  electronic 
components)  within  the  weight  range  of  1  to  5  pounds.  The  scope 
of  this  effort  was  later  expanded  to  include  items  up  to  10 
pounds  using  a  second  pack  design. 


Two  packs  were  developed  that  satisfy  all  requirements. 
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INTRODUCTION 


.4 

In  January  1986  this  agency  initiated  a  project  to  develop  a 
multipurpose/  low  fragility  container  system  for  small/  light¬ 
weight  items.  Former  attempts  to  develop  a  system  of  this  type 
have  failed.  The  success  of  this  effort  is  believed  to  be  due 
to  two  factors.  The  first  was  a  carefully  constructed 
analytical  model/  calculated  to  reduce  the  number  of  variables 
introduced.  This  was  achieved  by  using  a  cubical  pack/  with  the 
resulting  symmetry  greatly  simplifying  calculations. 


The  second  reason  for  success  was  the  innovation  of  using 
smooth  surfaced  cushion  covers.  The  result  of  this  was  a 
reduction  in  friction/  thus  allowing  the  system  response  to 


approach  theoretical  values. 
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Analytical  models  were  developed  and  tested  using  AFPEA ' s 
Package  Cushion  design  computer  program.  The  results  of  this 
analysis  predicted  that  with  the  use  of  reduced  area  techniques 
current  technology  was  suitable/  and  the  use  of  MIL-P-26514, 

Type  1/  Class  2#  Grade  A,  polyurethane  cushioning  material  would 
satisfy  all  requirements. 


Most  cushioning  materials  were  found  to  be  too  stiff  to 
provide  adequate  dynamic  displacement  for  a  lightweight  item. 

The  only  other  alternative/  rubberized  hair/  exhibits  both  cost 
and  performance  drawbacks/  making  it  unsuitable  in  this 
application.  The  material  can  only  be  purchased  in  the  required 
thickness  by  special  order/  which  is  not  cost  effective/  and  the 
performance  is  degraded  over  time  and  repeated  use  with  the 
material  losing  its  ability  to  absorb  energy  as  well  as 
developing  a  compression  set. 

The  computer  prediction  was  confirmed  by  subsequent  testing/ 
the  results  of  which  are  provided  in  Appendices  I  and  II. 


DESCRIPTION  OF  THE  TEST  PACKS 


Both  containers  were  fabricated  from  single  wall  fiberboard 
in  accordance  with  PPP-B-636/  Style  FTC  (see  figure  1).  These 
containers  included  a  cushioning  system  consisting  of  six 
8x8x6  inch  polyurethane  foam  (MIL-P-26514/  Type  1/  Grade  A) 
cushions.  The  inner  containers  are  also  single  wall  fiberboard. 
Size  data  is  listed  in  Table  1. 
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TABLE  1 


CONTAINER  DATA 


■ 

mm 

Inner 

Ctnr 

OD( In) 

Exterior 

Ctnr 

ID ( In) 

Weight 

Range 

(Lbs) 

Maximum 
Item 
Size( In ) 

Inner 

Ctnr  Net 
Wt(Lbs) 

Total 

Pack 

Tare 

Wt(Lbs) 

i 

8X8X8 

20  1/2X 

1-4 

7  1/2X 

5.6 

17 

20  1/2X20  1/2 

7X6  1/4 

2 

10X10X10 

22  1/2X 

4-10 

9X 

3.5 

14 

22  1/2X22  1/2 

9X9  1/2 

In  both  containers  the  cushions  were  covered  with  MIL-B-131 
material  with  the  smooth  side  out/  to  reduce  friction  between 
the  primary  container  and  the  cushioning  material  (see  figure  2). 

The  simulated  load  was  restrained  in  the  inner  container  by 
wrapping  it  in  several  layers  of  PPP-C-1752  (1/4  inch  thick) 
polyethylene  foam.  This  material  was  chosen  because  it  is  a 
common  dunnage  material/  available  at  the  Air  Force's  Air 
Logistics  Centers  (ALCs)  and  most  bases. 

INSTRUMENTATION  AND  EQUIPMENT 

The  following  instrumentation  and  equipment  was  employed 
for  this  evaluation: 

Oscilloscope,  Tektronic,  4  channel  storage,  Model  565B 
Accelerometer,  tri-axial,  Endevco,  Model  2233E 
Amplifiers  (3  ea) ,  Endevco,  Model  2424C 
Power  Supply,  Endevco,  Model  2622C 
Drop  Tester,  Gaynes,  Model  125 


TEST  PROCEDURES  AND  RESULTS 

The  free  fall  drop  tests  were  conducted  in  accordance  with 
Federal  Test  Method  Standard  101C,  Method  5007,  Procedure  A, 
Level  B,  27  inch  drop  height.  The  test  loads  consisted  of  1 
pound,  4  pound,  and  10  pound  plywood  and  aluminum  models  to 
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simulate  actual  items.  A  tri-axial  accelerometer  was  secured  at 
the  center  of  gravity  of  each  test  load.  The  drop  test  results 
are  summarized  in  Table  II.  Complete  test  data  is  provided  in 
Appendices  I  and  II. 

TABLE  II  -  DROP  TEST  DATA 


DISCUSSION 

During  testing/  it  was  noted  that  when  the  pack  of  maximum 
weight  was  impacted  on  corners  and  edges#  the  inner  container 
exhibited  a  tendency  to  rotate  in  the  cavity.  However,  as  soon 
as  the  container  was  rolled  over  to  an  opposite  side  or  edge, 
the  system  would  return  to  equilibrium.  In  no  case  did  the  load 
jam  into  a  corner  and  impact  the  exterior  container  or  "bottom 
out."  This  is  attributed  to  the  smooth  surface  of  the  MIL-B-131 
cushion  covers  (see  figure  2).  When  the  packs  were  tested 
without  the  cushion  covers,  the  peak  G  levels  were  dramatically 
greater. 

In  both  pack  designs  it  was  necessary  to  add  ballast  to  the 
inner  container  to  achieve  15G  protection  over  the  required 
weight  range.  In  pack  number  1  this  was  accomplished  by  the 
addition  of  two  7  1/2X7  1/2X3/8  aluminum  plates  and  a 
fiberboard  liner  to  prevent  movement  (see  figure  3).  In  pack 
number  2  the  ballast  consists  of  four  9  1/2X9  1/2X1/4  plywood 
plates  adhesively  bonded  to  the  inside  of  the  inner  container 
(see  figure  4).  These  methods  were  selected  because  of  their 
simplicity  and  cost  effectiveness. 


The  simulated  load  was  restrained  in  the  inner  container  by 
wrapping  it  with  sheets  of  1/4  inch  thick  PPP-C-1752  polyethy¬ 
lene  foam.  Similar  results  were  achieved  using  bubble  wrap, 
(PPP-B-795)/  and  polyurethane  Foam-In-Place  (MIL-P-26514,  Type 
II).  Poor  results  were  obtained  when  prefoamed  polyurethane 
(MIL-P-26514,  Type  I)  was  used.  This  is  attributed  to  a  phase 
shift  in  the  shock  pulse  that  occurs  when  the  cushioning 
materials  in  the  interior  and  exterior  are  of  the  same  type. 
Since  MIL-P-26514,  Type  I  is  not  commonly  used  as  dunnage,  this 
is  not  anticipated  to  be  a  problem. 


CONCLUSION 

The  two  pack  designs  developed  in  this  study  and  depicted  in 
appendices  III  and  IV  will  provide  15G  shock  protection  for  a 
wide  variety  of  items.  Both  packs  are  extremely  low  cost  and 
can  be  fabricated  by  any  ALC  from  standard  packaging  materials. 
The  availability  of  these  containers  will  provide  the  logistics 
system  with  a  cost  effective  alternative  to  custom  designed 
shipping  containers  for  each  light  weight  item. 
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DATE:  10  Nov  8  61 


i :  PROCEDURE  :  A 

■■'EIGHT:  27” 

AACK  PROTOTYPE:  8x8x8  PRI 
22  x  22  x  22  FTC 
j  8  x  8  x  6  Grade  A  Cushions 
j’J-'MY  LOAD:  Gyro  &  PRI  Ctnr 
•:::0“iT:  .  98  +  5.82  =  6.8  _ 


PROCEDURE :  A 

DROP  Ml  I  CUT  :  2J" 

PACK  PROTO  TYPE :  8x8x8  PRI 

22  x  22  x  22  FTC 

-6  Grade  A  Cushions 
DtJiWY  lOAi):  Gyro  &  pri  ctnr 
WEIGHT :  4.1  +  5.6  =  9.7 


DATE:  10  Nov  8B 


8i-P- 1 46  TESTED  BY:  I  jA  itOT/Ci 

T3.  CW-78 

Same  park  tested  f or  1  Lb  and  4.1  Id  i  ad 
PRI  ctnr  contains  4.2  Lbs  aluminum  Lai  last 
Cushions  have  MIL-B-131  covers 
NOTE:  Actual  Wt  range-  -  6.8  #  to  9.7  = 
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PROP  TEST  (FREE  FALL)  WORKSHEET 


'  -CCE.'JSE-  A  DATE:  10  Nov  86 

••ElG--:  27" 

i?t.  ■  10  x  10  x  10  PRI 

;  2  3  x  2~3  x  2  3  FTC 
18x8x6  Grade  A  Cushions 
‘‘.-.'‘■'ll  LCAD :  Gyro  +  PRI  Ctnr 
•  4.1  +  3.5  =  7.6  Lbs 


PROCEDURE:  A  DATE:  10  Nov 

i)r:0f  •  :■!  I  CUT  :  27” 

PACK  PROTOTYPE:  10  x  10  x  10  PRI 
2  3  x  2  3  x.  2  3  FTC 
8x8x6  Grade  A  Cushions 
DUMMY  LOAD:  Gyro  +  PRI  Ctnr 
OriCilT:  10.1  +  3.5  =  13.6  Lbs 


(a),  EDGE  (a,  b),  CCPNFk  (a,  b,  c)) 


TEST  1  ss  =  .119  ft  TEST2  ss 


Side  Ava  12.3 


2  I  3  | 


!  4  !  6  I 


*  4  !  5  I 


1 !  2  1 


TESTED  BY:  LA  Wood 


;  W— 7  9 
a.)ck 


tested  for  4  Lb  and  10.1  Lb  load 
con  t  a  ms  2  Lb  p  1  ywood  ba  1  last. 


'  ' .  s :  i  j 
N’OTr  : 


M I L- B- 1 3 1  covers 
Wt  ranqe  r  7.6  # 


to  13.6  s 
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